BACKGROUND: Primary care providers (PCPs) face many system-and patient-level challenges in providing multimodal care for patients with complex chronic pain as recommended in some pain management guidelines. Several models have been developed to improve the delivery of multimodal chronic pain care. These models vary in their key components, and work is needed to identify which have the strongest evidence of clinically-important improvements in pain and function. Our objective was to determine which primary care-based multimodal chronic pain care models provide clinically relevant benefits, define key elements of these models, and identify patients who are most likely to benefit. METHODS: To identify studies, we searched MEDLINE® (1996 to October 2016), CINAHL, reference lists, and numerous other sources and consulted with experts. We used predefined criteria for study selection, data abstraction, internal validity assessment, and strength of evidence grading. RESULTS: We identified nine models, evaluated in mostly randomized controlled trials (RCTs). The RCTs included 3816 individuals primarily from the USA. The most common pain location was the back. Five models primarily coupling a decision-support component-most commonly algorithm-guided treatment and/or stepped care-with proactive ongoing treatment monitoring have the best evidence of providing clinically relevant improvement in pain intensity and pain-related function over 9 to 12 months (NNT range, 4 to 13) and variable improvement in quality of life, depression, anxiety, and sleep. The strength of the evidence was generally low, as each model was only supported by a single RCT with imprecise findings. DISCUSSION: Multimodal chronic pain care delivery models coupling decision support with proactive treatment monitoring consistently provide clinically relevant improvement in pain and function. Wider implementation of these models should be accompanied by further evaluation of clinical and implementation effectiveness.
INTRODUCTION
In light of the current prescription opioid overdose epidemic, chronic non-cancer pain is a public health concern of growing importance. When defined as pain lasting longer than 3 months, an estimated 100 million US adults suffer from chronic pain, at a cost of $560 to $635 billion per year due to medical treatment and lost productivity. 1 Chronic pain is complex, involving dynamic interactions between biological, psychological, and social factors unique to each individual, 2 and most patients suffer from comorbid conditions. [3] [4] [5] [6] To address this complexity, some pain management guidelines recommend multimodal pain care, 1, [7] [8] [9] which is typically defined as the use of more than one type of therapy and can include more than one discipline when available (multidisciplinary). Common modalities include self-management; complementary and integrative health; pharmacological, psychological, physical, or restorative therapy; and procedural treatments. Primary care providers (PCPs) are responsible for the majority of pain management. 10 However, PCPs face many system-and patient-level challenges in providing the recommended multimodal interventions. 1, 10, 11 In their 2011 BBlueprint for Transforming Prevention, Care, Education, and Research,^the Institute of Medicine's Committee on Advancing Pain Research, Care and Education found that reimbursement limitations and short primary care visits often provide inadequate time and resources for complex treatment planning and coordination of multimodal care, monitoring, and patient education and activation activities. 12 A 2015 Patient-Centered Outcomes Research Institute (PCORI) multistakeholder workgroup suggested that system-level care delivery models are needed to support PCPs and provide better tools for managing chronic pain. 11 Ideally, system-level multimodal chronic pain care delivery models would include (1) medication management, (2) access to multidisciplinary treatment modalities tailored to comorbidity needs, (3) decision support for clinicians, (4) self-management support for patients, (5) dedicated care management staffing to support ongoing interdisciplinary treatment coordination and monitoring, and (6) health information technology (HIT) enhancements, such as telecare, to better facilitate timely communication and monitoring. In the past few years, several such care delivery models have emerged. However, these differ substantially in their key components, and work is needed to identify which have the best evidence of clinically important improvements in pain and function.
We reviewed evidence of the effectiveness of models for improving the delivery of multimodal chronic pain care within the primary care setting. Our objective is to determine which multimodal care delivery models, integrated within the primary care setting, provide clinically relevant benefits in pain and function and minimize unintended consequences in adults with chronic musculoskeletal pain; to define key elements of these models; and to identify patients who are most likely to benefit.
METHODS
This rapid review 13 was conducted in response to an urgent request by a US Department of Veterans Affairs' Health Services Research & Development (HSR&D) Pain Management State-of-the-Art (SOTA) committee for timely and accessible evidence for use in informing their November 2016 conference. Although guided by current standard AHRQ systematic review methods, 14 to meet a condensed timeframe of 3 months, we streamlined our process by focusing on a subset of the highest priority outcomes and settings and used sequential instead of independent dual review processes to minimize bias and error. We report this review based on PRISMA guidelines. 15 The complete description of our methods can be found on the PROSPERO international prospective register of systematic reviews (http://www.crd.york.ac.uk/PROS-PERO/; registration number CRD42016050272) and in our full evidence report. 16 We searched MEDLINE® (Ovid) and CINAHL from 1996 to October 2016 using terms for chronic pain and health care delivery models (e.g., Bprimary care planning,^Bdisease management,^Bmulti-component,^Bchronic pain^). We searched numerous other sources, including Cochrane Database of Systematic Reviews, Agency for Healthcare Research and Quality, Google Scholar, and more to identify existing systematic reviews and gray literature; a complete list of our search strategy can be found in our full report. 16 Additional citations were identified from hand-searching reference lists and consultation with content experts. We limited the search to articles involving human subjects available in the English language.
Study selection was based on the eligibility criteria described in Table 1 . We abstracted data from all included studies on the setting, model components, follow-up duration, patient demographics, comorbidities, pain characteristics, and results for each included outcome. We rated study quality using the Drug Effectiveness Review Project methods for randomized controlled trials (RCTs) 18 and risk of bias using the Cochrane's Risk of Bias Tool for cohort studies. 12, 19, 20 Study selection, data abstraction, and quality assessment were first completed by one reviewer and checked by at least one additional reviewer. Disagreements were resolved by consensus.
We graded the strength of the evidence based on the AHRQ Methods Guide for Comparative Effectiveness Reviews. 21 This approach incorporates five key domains: study limitations (includes study design and aggregate quality), consistency, directness, precision of the evidence, and reporting biases. Ratings range from high to insufficient, reflecting our confidence that the evidence reflects the true effect. Strength of evidence ratings was first completed by one reviewer and then checked by another, and we resolved disagreements using consensus.
Models of multimodal chronic pain care differ substantially in the types of system interventions they use to promote guideline-concordant multimodal chronic pain management in the primary care setting. Sources of heterogeneity include number, breadth, intensity, frequency, and duration of components. This type of heterogeneity is often characteristic of complex multicomponent interventions and can be a challenge to constructing a framework for organizing the evidence synthesis. This is because interventions can be conceptually lumped or split by various types of characteristics and there is no agreed-upon single best approach for doing so. 22 Given the model heterogeneity, we did not perform any metaanalysis. Instead, we qualitatively described the model characteristics, organized by the four most common system interventions they used to promote guideline-concordant multimodal chronic pain management (Table 3) : (1) decision support, (2) additional care coordination resources, (3) enhanced patient education and activation, and (4) increased access to a broader range of treatments. We summarized effects on outcomes by grouping them into three categories based on the models' main focus: (1) decision support coupled with proactive symptom monitoring, (2) risk-matched treatment pathways, and (3) increased access.
RESULTS

Study design and quality
Searches resulted in 901 potentially relevant articles (Fig. 1 ). Of these, we included eight RCTs (in ten publications) 2, 23-25, 27-29, 31-33 and one retrospective cohort study. 26 Overall, most studies were fair or good quality ( Table 2 , Fig. 2 ). Common limitations among fair-quality studies included greater than 20% attrition and baseline differences in potential prognostic factors. Poor-quality studies also excluded 34 to 47% of patients from analyses. Fidelity to case management protocols was adequate but was rarely mentioned for provider training and enactment of skills. Despite robust methodology, the strength of the evidence is generally low as each intervention is only supported by a single, imprecise study. All but one study 27 were randomized at the patient level, and most interventions were compared to usual care, often minimally described as regular access to primary and specialty care.
Setting and Subjects
Most studies involved multiple primary care practices in the USA 2, 23, 24, 27, 30, 31 or England (Table 2) . 28, 29 Four interventions were evaluated within either the Indianapolis Veterans Affairs Medical Center (VAMC) 2, 30, 31 or the Portland VAMC. 27 Two studies took place in single centers in Canada. 25, 26 Sample sizes were ≤ 250 patients in the majority of the studies (range, 63 to 1066). Follow-up duration was 12 months in the majority of studies (range, 6 to 18 months). The proportion of male patients ranged from 31 to 92%, with higher proportions in those studies within the VA. The mean patient age ranged from 37 to 62 years old. Most studies reported baseline pain intensity (n = 7), which ranged from 5.1 to 7.7 on a 10-point scale. Commonly reported mental health comorbidities were major depressive disorder, post-traumatic stress disorder, and substance use disorder, but baseline prevalence of these conditions was low in most studies (range, 1 to 24%). The exception was that one study specifically targeted patients with comorbid musculoskeletal pain and depression. 30 
Overview of Multimodal Chronic Pain Care Model Components
We identified nine diverse models of multimodal chronic pain care (Tables 3 and 4 ). All but one model 25, 29 involved multiple components for improving pain care delivery. The majority of interventions included a decision-support component-most commonly algorithm-guided treatment and/or stepped care-coupled with proactive ongoing treatment monitoring. 2, 23, 24, 27, 28, 30, 31 For the 55% of models that involved algorithm-guided care, 2, 26, 28, 30, 31 all but one focused on analgesic optimization. A typical stepped care analgesic optimization algorithm starts with acetaminophen and nonsteroidal anti-inflammatory drugs and progresses to (1) tricyclic antidepressants or cyclobenzaprine, (2) tramadol, (3) gabapentoids, (4) topical analgesics, and (5) opioid. Treatment is advanced at each step when the patient meets the prespecified criteria of less than 30% improvement in pain score, global improvement not at least moderate or better, or patient desire for a change in treatment. 31 In two studies, the decision support was in the form of a stratified approach by way of prognostic screening with matched treatment pathways. 26, 29 One stratified model 29 focused on adults with back pain from ten general practices within the Keele General Practice Research Partnership in England and used the validated Keele STarT Back Screening Tool, which is a nine-item inventory that queries patients about referred leg pain, comorbid pain, disability (two items), bothersomeness, catastrophizing, fear, anxiety, and depression to categorize patients into low-, medium-, and high-risk groups. 20 Alternatively, the stratified approach used in the Central Alberta Pain and Rehabilitation Institute (CAPRI) triaged patients using an unspecified 1.5-to 2-h assessment process to differentiate one of four care pathways based on the extent of their medication management, psychosocial, and/or comorbid medical illness issues (i.e., minimal, high, complex). 26 The most intense example of active provider education was from the Study of the Effectiveness of a Collaborative Approach to Pain (SEACAP) study, in which providers participated in two 90-min education sessions addressing chronic pain care skills and knowledge, modeled after the MacArthur Depression Education Program. 27, 34 In the majority of studies, designated case managers from various disciplines delivered the treatment monitoring component of the intervention primarily via phone contacts at various frequencies, from weekly to every 2 months. One notable exception was in the Stepped Care to Optimize Pain Care Effectiveness (SCOPE) study in which patients in the intervention group underwent automated symptom monitoring, either by interactive voicerecorded telephone calls or by the Internet, which prompted live case manager follow-up on an as-needed basis. 31 Monitoring typically comprised assessment of changes in pain severity and interference, global improvement, and patients' adherence to and desire for a change in treatment. In half of the models, patients participated in Bactive^education, in which the patient participated in the learning process, such as choosing and practicing self-care strategies. Most active patient education was in the form of group education sessions. An example patient education curriculum included learning about pain triggers and flare-ups, emotional coping mechanisms, strategies for physical activity, muscle relaxation, deep breathing, distraction, and sleep hygiene, and how to work with employers and clinicians. 30 The other half of the models included Bpassive^patient education, in which educational materials were provided to the patients for independent study, such as a written guide. Two models in Hamilton, Ontario, sought to use existing resources to increase capacity and access to multimodal care by centralizing services via weekly 2-h group sessions that incorporated physician, pharmacist, dietician, and physiotherapist resource persons. 25 The CAPRI represents an example of a Canadian health region administration providing funding for developing a new multidisciplinary program designed specifically to increase access to multimodal chronic pain care in a previously underserved rural setting in Lacombe, Alberta. It featured decision support via risk stratification with matched treatment pathways and weekly symptom monitoring and weekly 5-h group multidisciplinary education and activation sessions as needed. 26 
Patient Outcomes
Decision Support Coupled with Proactive Treatment Monitoring. Among the six models that coupled decision support with proactive treatment monitoring, the proportion of patients with clinically significant improvement in pain intensity or pain-related function based on a 30% or greater reduction in scores on the Roland-Morris Disability Questionnaire (RMDQ), Brief Pain Inventory (BPI), or Outcome Measures in Rheumatology-Osteoarthritis Research Society International (OMERACT-OARSI) was significantly increased in Evaluation of Stepped Care for Chronic Pain (ES-CAPE), 2 SEACAP, 27 Stepped Care for Affective Disorders and Musculoskeletal Pain (SCAMP), 3 0 and SCOPE, 31 (NNT range, 4.1 to 12.7 in 12 months), was unchanged in a model that emphasized enhanced pharmacy review and physiotherapy, 28 and was unmeasured in model that emphasized rapid assessment and management via computer-based assessment (Table 5 , Figure 3) . 24 In the model that emphasized rapid computerbased assessment, pain intensity and function were measured based on the Medical Outcomes Study SF-36. 24 Improvement from baseline on the bodily pain score (lower score = higher levels of pain) was greater in the intervention group compared to the control at 6 months (7.6 vs 2.2; P = 0.011), but not at 1 year (7.8 vs 3.6; P = 0.06). Intervention group patients also improved significantly more in the functional interference estimate (range 0 = Bpain usually or severely interferes^to 6 = Bpain rarely interferes^) at 6 months (0.96 vs − 0.98; P = 0.027) and 1 year (1.5 vs 0.65; P = 0.02). Three of the models 27, 30, 31 also showed improvements on at least one of the additional important outcomes of quality of life, 30, 31 depression, 27, 30, 31 anxiety, 30 and sleep. 31 Risk/Complexity-matched Treatment Pathways. Risk stratification coupled with risk-matched treatment pathways using the validated STarT Back screening tool for back pain resulted in greater clinically significant improvement in pain intensity or pain-related function (≥ 30% decrease in RMDQ scores) than non-stratified current best practice at 12 months. 29 The STarT Back intervention also improved depression scores and quality of life at 12 months. However, the StarT Back intervention did not impact anxiety or satisfaction with care. Findings for STarT Back are limited by greater than 20% attrition and are most applicable to females with a mean age of 50 years and unknown mental health comorbidities. Another approach for risk stratification, CAPRI, has not been evaluated in a comparative study. 26 Increasing access via group multidisciplinary intervention sessions. The McMaster Family Health Team (MFHT) in Hamilton, Ontario, implemented weekly group sessions to increase access to and coordination of specialty services. 25 After 6 months of follow-up, there was a statistically significant improvement in the SF-36 physical domain. But this model's single small study (N = 63) with only 50% adherence provides insufficient evidence on which to draw conclusions.
DISCUSSION
To our knowledge, this is the first review to evaluate the effectiveness of models to improve multimodal chronic pain care delivery in the primary care setting. Eight RCTs 2, 23-25, 27-29, 31-33 and one retrospective cohort 26 of mostly fair or good quality identified five models that primarily coupled decision support with proactive treatment monitoring as having the strongest evidence of providing clinically significant improvement in pain intensity and pain-related function over 9 to 12 months (NNT range, 4 to 13): ESCAPE, 2 SEACAP, 27 STarT Back, 29 SCAMP, 30 and SCOPE. 31 Four of the models 27, 29-31 also showed improvements on at least one of the additional important outcomes of quality of life, [29] [30] [31] depression, 27, 29-31 anxiety, 30, 31 and sleep. 31 Despite strong methodology, however, the strength of the evidence is generally low, as each intervention is only supported by a single study with imprecise findings.
Our ability to rank models from best to worst is somewhat limited by heterogeneity in outcome assessment methods, patient populations, and setting. The SCAMP 30 and SCOPE 31 models stand out as having the potential to be better than others, because they resulted in the greatest clinically significant improvements in pain intensity or pain-related function (NNT's of 4 compared with NNT's of 8 to 13). SCAMP and SCOPE share many components with other models, such as weekly case management meetings, pharmacotherapy algorithms, care coordination teams, and access to mental health treatment. However, SCAMP and SCOPE are the only models to include a clinical pain and/or depression specialist on their case management team, which may have contributed to their greater patient improvements. The least comprehensive model, in which pharmacists and physiotherapists focused on medication optimization, exercise, and self-management, produced no clinically important improvement at 12 months. 28 Compared to other models, this model was the least comprehensive in addressing the complex range of biological, psychological, and social factors faced by individuals with chronic pain. For example, this model did not appear to include any access to mental health treatment. A limitation of the evidence base is its generalizability. These models were primarily implemented within a large integrated VA health care system with a developed patient-centered medical home model for primary care that shares a common electronic health record with specialists and hospitals and can include integrated mental health services. Implementing the models identified in this review may be more challenging in smaller, less integrated health care settings. Also, they are most applicable to middle-aged male populations seen at VA primary care clinics for low back pain and may not be widely reflective of all patients with chronic pain or those seen in a broader range of specialty settings, including multidisciplinary pain clinics and rehabilitation centers. We were unable to determine the patients who are most likely to benefit from these models due to under-reporting of key patient characteristics such as pain duration, opioid use at baseline, and prevalence of common medical and mental health comorbidities. Additional limitations of the evidence base include (1) each model was supported by a single study; (2) incomplete evaluation of model fidelity; (3) only half to a small minority of studies measured IMMPACTrecommended outcomes 17 -50% for depression, 40% for anxiety, 10% for sleep, 30% for opioid use, and 20% for unintended consequences; and (4) that sustainability is unknown because follow-up was limited to 12 to 18 months.
The primary limitations of our findings related to our review methods include (1) our literature search, (2) our focused scope, and (3) our use of sequential instead of independent dual assessment. For our literature search, limiting to English-language studies from MEDLINE and CINAHL, coupled with the inconsistent terminology used in the literature on complex multicomponent health care interventions, 22 may have increased our risk of missing relevant studies. We addressed this challenge by including a wide variety of terminology in our search strate g y ( e . g . , Bp r i m a r y c a r e p l a n n i n g ,^Bd i s e a s e management,^Bmulti-component,^Bchronic pain^), as well as searching a wide range of other sources. Second, to meet our condensed timeframe, we focused our scope to the setting of primary care, because it is responsible for the majority of pain management, and, for benefits, to IMMPACT-recommended outcomes. Although our scope captures the highest priority needs, it limits applicability to other settings in which pain care occurs, such as multidisciplinary pain clinics and rehabilitation centers and to other outcomes of pain care, such as patient satisfaction. Third, although sequential dual review is a widely-used method, its comparison to independent dual review has not yet been empirically studied and may have increased the risk of error and bias.
Chronic pain management is anticipated to continue to be an important clinical area in the future, and rapid evidence development is expected. For example, several additional multimodal chronic pain care models have already shown promise for improving patient outcomes in single-arm studies, [35] [36] [37] [38] [39] [40] and we also identified several ongoing studies [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] which may fill gaps in existing research or provide further support for various models of pain care. For example, the STarT Back Screening Tool is now also being evaluated in an ongoing study in six large primary care clinics in the integrated Group Health system in Washington state. 42 In response to our findings, and as more emerge, large national health care systems with established electronic health information systems for use in quality improvement and research may consider wider implementation of one or more of the models with a clear plan for further evidence development that addresses shortcomings of previous research. Also, as a main focus of these models is to reduce the numerous known challenges to primary care providers in managing the complexities of patients with chronic pain, it is also important to understand how these models are affecting providers' experiences. As provider perspectives were largely unexplored in previous studies, we suggest future research consider assessing the three domains identified as important in interviews of providers at the Indianapolis VAMC (1) patientcentered communication skills, (2) extent of shared decisionmaking, and (3) provider burnout. 52 
CONCLUSIONS
Five models primarily coupling a decision-support component-most commonly algorithm-guided treatment and/or stepped care-with proactive ongoing treatment monitoring have the best evidence from good-quality RCTs of providing clinically relevant improvement in pain intensity and pain-related function over 9 to 12 months, as well as variable improvement in other important core outcomes. National health care systems may be encouraged to consider wider implementation of any of those models with a clear plan for further evidence development to addresses shortcomings of previous research.
